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Understanding Solar+Storage provides information and guidance to address some of the 	
most commonly asked questions about pairing solar photovoltaic systems with battery storage 
technologies (solar+storage). Topics included in the guide range from factors to consider when 
designing a solar+storage system, battery sizing, safety and environmental considerations, and 
how to value solar+storage. The guide is organized into 12 topic area questions. These questions 
and the issues discussed within each section were informed by and developed for community-
based organizations. The guide was produced under the Resilient Power Project (www.resilient-
power.org), a joint project of Clean Energy Group and Meridian Institute. The Resilient Power 	
Project works to accelerate market development of�resilient, clean energy solutions in low-income 
and underserved communities to further clean energy equity by ensuring that all communities 	
have access to the economic, health, and resiliency bene�ts that solar+storage can provide. 	
The Resilient Power Project is supported by The JPB Foundation, The Kresge Foundation, 	
Surdna Foundation, Nathan Cummings Foundation, The New York Community Trust, 		
Barr Foundation, and Merck Family Fund.
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DIscLaIMER

This document is for informational purposes only. The authors make no warranties, expressed 		
or implied, and assume no legal liability or responsibility for the accuracy, completeness, or useful-
ness of any information provided within this document. The views and opinions expressed herein 
do not necessarily state or re�ect those of funders or any of the organizations and individuals that 
have offered comments as this document was being drafted. The authors alone are responsible 
for the contents of this report. Before acting on any information you should consider the appropri-
ateness of the information to your speci�c situation. The information contained within is subject to 
change. It is intended to serve as guidance and should not be used as a substitute for a thorough 
analysis of facts and the law. The document is not intended to provide legal or technical advice.

This report can be found on the Clean Energy Group website at  
https://www.cleanegroup.org/ceg-resources/resource/understanding-solar-storage.

About this Report

www.resilient-power.org
www.resilient-power.org
https://www.cleanegroup.org/ceg-resources/resource/understanding-solar-storage


Marriele Mango | Seth Mullendore
CLEaN ENERGY GROUp

O C T O B E R  2 0 2 0

Understanding Solar+Storage
Answers to Commonly Asked Questions  

About Solar PV and Battery Storage



  5	 Glossary of terms

  8	 Introduction

12	 Q1: What factors do I need to consider when designing  
a solar+storage system?

17	 Q2: What different types of batteries are available  
(and which one is right for me)?

21	 Q3: What size battery do I need?

26	 Q4: Is solar+storage an effective backup power solution?

31	 Q5: Can storage be added to an existing solar system?

35	 Q6: How long does a solar+storage system last?

38	 Q7: How much do batteries cost?

42	 Q8: How do I determine the value of solar+storage  
(savings, revenue, resilience)?

50	 Q9: How can I pay for a solar+storage system  
(incentives, grants, �nancing)?

55	 Q10: Can solar+storage be developed to bene�t  
low-income communities?

60	 Q11: Is battery storage safe?

63	 Q12: What are the environmental impacts of battery storage?

67	 Conclusion

68	 About the Resilient Power Project

69	 About the authors

I N T R O D U C T I O N   C O N T E N T S

Table of Contents



C L E A N  E N E R G Y  G R O U P  |  5 |  U N D E R S T A N D I N G  S O L A R + S T O R A G E

AvOIDED OUTaGE COsTs: Avoided outage costs represent the value of losses that would have 
been incurred if a facility were to experience a power outage without a backup power system. 
Losses could include decreased workforce productivity, interruption of services, and even loss 		
of life due to a lack of medical care or disaster response services. ��

BaTTERY sTORaGE: Battery storage is a rechargeable battery that stores energy from other 
sources, such as solar arrays or the electric grid, to be discharged and used at a later time. 	
The reserved energy can be used for many purposes, including shifting when solar energy is 	
consumed onsite, powering homes or businesses in the event of an outage, and generating  
revenue for the system owner by providing grid services. 

BEHIND-THE-METER: Behind-the-meter, also known as customer-sited, energy storage systems 
are located on the owner�s property, literally behind the utility meter on the customer side, as 	
opposed to front-of-the-meter, utility-side systems, which are located directly on the utility 	
distribution system.

COMMUNITY sOLaR: Community solar, also called shared solar, is a purchasing arrangement 		
in which multiple customers share the electricity or the economic bene�ts of solar power from 		
a single solar array. Community solar installations may be physically located at a property shared 
by the customers, such as a multifamily apartment building, or located at a remote location.

COsT-bENEFIT aNaLYsIs: A cost-bene�t analysis compares the costs and bene�ts of a particular 
investment with other investment options, and/or maintaining the status quo (i.e., not making an 
investment).

CRITIcaL LOaDs: The electrical equipment and devices that are most important to maintain 	
power to during a grid outage. Critical loads will vary depending on facility types and customer 
needs. Examples of common critical loads include emergency lighting, outlets for charging 	
devices, and refrigeration.

CYcLING: Cycling is the process of a battery system charging (storing energy) and discharging 
(releasing energy). Essentially, one full charge and discharge represents one cycle.

DEGRaDaTION: Solar panels and battery storage systems become less ef�cient as they operate 
over time. For solar panels, the amount of energy produced slowly declines due to the effects 		
of exposure to the elements. Battery storage energy capacity declines as batteries are charged 
and discharged due to chemical reactions that occur as part of the processes. The rate of 	
these declines is the degradation rate.

DEMaND MaNaGEMENT: The ability to reduce grid electricity usage during times of high 	
onsite demand.

I N T R O D U C T I O N   G L O S S A RY
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DEMaND REspONsE: Lowering consumption of grid electricity, either through discharging stored 
energy or lowering the use of devices, in response to utility signals. These demand response 
events typically occur at times when systemwide demand for grid electricity is high, such as  
hot days when air conditioning is consuming more energy than usual.

ENERGY aRbITRaGE: The storing of energy, either from the grid or onsite generation, during 	
periods when electricity prices are low, to be discharged at a later time when electricity prices 	
are higher. 

ENERGY capacITY: The total amount of energy that can be stored by an energy storage system, 
usually measured in kilowatt-hours, or megawatt-hours for larger storage systems.

ENERGY DENsITY: A measure of how much energy (kilowatt-hours) can be stored in a battery per 
unit of weight, which typically corresponds to battery size. Usually, a more energy dense battery 
will require less physical space in an installation.

FREqUENcY REGULaTION: The balancing of electricity supply and demand to keep grid 	
frequency within acceptable bounds for the electric power system to operate properly. 

GRID: A network that delivers electricity from producers to consumers. Utilities typically operate 
the grid and charge customers for the energy they use.

GRID sERvIcEs:  Services, such as frequency regulation, voltage support, and demand response, 
that support the operation, balance and management of the power grid.

HYbRID sYsTEM: A system that includes both renewable energy and fossil-fuel components. 	
For example, a solar+storage system with a diesel generator.

INTERcONNEcTION: The process of connecting a distributed generation system, such as solar 
PV and battery storage, to the grid. Utilities will oftentimes mandate an interconnection review 		
in order to ensure that the proposed system will have no negative impacts on the grid.

INvERTER: An inverter is used to convert DC power generated by solar and battery storage into 
AC power for use in homes and businesses and/or AC power from the grid to DC when charging 
a battery storage system. 

KILOWaTT: A kilowatt is a measure of power. One kilowatt is equal to 1,000 watts. 

KILOWaTT-HOUR:  A kilowatt-hour is a measure of how much energy is used. A device requiring 	
1 kilowatt of power that is operated for two hours will use 2 kilowatt-hours of energy. On a utility 
bill, a kilowatt-hour indicates how much energy was delivered to a customer by an�electric utility.

MIcROGRID: A microgrid is a local energy system with onsite sources of generation that can 	
disconnect from the utility grid and operate independently. A microgrid may be composed 		
of a single building, sometimes referred to as a nanogrid, or multiple interconnected buildings.

NET ENERGY METERING (NEM): Net energy metering programs allow customers to earn utility bill 
credits for the electricity they generate from their solar array that is not directly consumed onsite.

OFF-GRID: Local energy systems that operate completely separate and disconnected from  
the grid.

PEaK DEMaND: The highest level of power demand (kilowatts) during a given period.

PEaK sHavING: The process of lowering peak demand by discharging stored energy during  
times of high energy usage.

I N T R O D U C T I O N   G L O S S A RY
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POWER pURcHasE aGREEMENT (PPA): A type of third-party �nancing that establishes an 	
agreement between a developer and a customer to install a solar (or solar+storage) system  
on a customer�s property with little to no out-of-pocket expenses. Through the agreement, the 	
customer pays the third-party an agreed upon rate (dollars per kilowatt-hour) for the energy 	
generated by the system.

POWER RaTING: The maximum rate at which a battery can charge or discharge energy. The 	
power rating of a battery is typically given in kilowatts, or megawatts for larger battery systems.

SELF-cONsUMpTION: When a battery or other type of energy management system is used to 
maximize the amount of solar energy directly consumed onsite and minimize the amount of solar 
generation sent to the grid.

SIMpLE paYbacK pERIOD: The time it takes for a project�s savings and revenue to equal or 	
exceed the full installed cost of the system.

SOLaR+sTORaGE: A solar photovoltaics array connected to a battery storage system through 
one or more inverters.

STORaGE-REaDY sOLaR: A solar system that was installed anticipating that battery storage 
would be installed at a later date. Adding battery storage to a storage-ready solar system is an 
easier and oftentimes less expensive process than adding battery storage to a solar system 	
that did not plan for the addition of storage.

RELIabILITY: The ability for a backup power system to maintain continuous power without 	
relying on access to outside resources that may be experiencing disruptions.

REsILIENT pOWER: The ability to provide a facility with continuous, clean, and reliable power 	
even when the electric grid goes down.�

THERMaL RUNaWaY: A process where an increase in temperature alters conditions in a way that 
leads to further temperature increases. In some battery chemistries, thermal runaway can occur 
due to chemical reactions that can cause a battery cell to overheat and eventually catch �re.

TIME-OF-UsE RaTEs: An electric tariff structure used by some utilities that charges different 	
rates for electricity at different times of day, with higher prices typically occurring during periods 	
of high electricity demand (peak periods), and lower prices occurring during periods of low 	
demand (off-peak periods). 

UsEFUL LIFE: The useful life of a device represents how long the device can operate before 		
it has degraded to the point that it can no longer effectively serve its original intended purpose.

VIRTUaL POWER PLaNT: The aggregation of many, hundreds or even thousands, smaller behind-
the-meter distributed energy resources (e.g., solar PV and battery storage) for the purposes of 
providing grid scale energy services that would normally be served by a utility-scale installation.

WaRRaNTY: A guarantee of a product and/or its performance over a period of time.

Many of the de�nitions used here are from Clean Energy Group�s 2015 report, Energy Storage 
and Electricity Markets, which can be found here: https://www.cleanegroup.org/wp-content/
uploads/Energy-Storage-And-Electricity-Markets-August-2015.pdf. The de�nition of community 
solar is de�ned in a report by the Clean Energy States Alliance, found here: https://www.cesa.org/
wp-content/uploads/Consumer-Protection-for-Community-Solar.pdf.

I N T R O D U C T I O N   G L O S S A RY
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Every day, thousands of solar photovoltaic (PV) systems paired with battery storage (solar+storage) 
are operating in homes and businesses across the country to reduce energy costs, support the 
power grid, and deliver backup power during emergencies. While solar+storage deployment  
numbers are relatively small compared to solar-only systems, installation rates have grown sig-
ni�cantly over the past few years and are expected to continue their rapid rise. Still, solar+storage 
remains a little understood technology solution for many property owners, energy managers,  

and community leaders, despite being a decades-old technology  
combination and expanding adoption rates.

By addressing commonly asked questions about solar+storage technolo-
gies, this guide is designed to bridge some of the fundamental knowledge 
gaps regarding solar+storage technologies. It is meant to serve as a start-
ing point to establish a foundation of knowledge and understanding for  
individuals and organizations beginning to explore solar+storage options  
for their homes, businesses, or community facilities.

To determine what knowledge gaps exist, Clean Energy Group (CEG) con-
ducted a survey to identify the most asked questions about solar+storage. 
The questions and topic areas addressed in this guide are based on feed-
back from nearly one hundred stakeholders who submitted questions they 

had about solar+storage. The guide is organized into 12 common questions, each addressing 
multiple key topics. The answers were informed by more than six years of experience through 
CEG�s work with property owners, developers, nonpro�ts, and communities to advance 
solar+storage in underserved communities.

The information presented in the guide focuses primarily on customer-sited, behind-the-meter 
solar+storage installations, though much of the information is relevant to other types of projects 
as well, including storage-only projects and front-of-the-meter solar+storage projects.

Solar+storage topics addressed include the following:

1.	 What factors do I need to consider when designing a solar+storage system?
TOpIcs cOvERED: physical and structural considerations, permitting and interconnection, 
�nancial considerations, AC and DC coupling, additional factors for resilience projects  
and a few special cases

2.	 What different types of batteries are available (and which one is right for me)?
TOpIcs cOvERED: overview of lead acid and lithium-ion batteries, key differences between 

This guide is designed to serve 

as a starting point to establish 

a foundation of knowledge and 

understanding for individuals 

and organizations beginning to 

explore solar+storage options.
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the technologies (energy density, depth of discharge, cycling, expected useful life), brief  
overview of other storage options

3.	 What size battery do I need?
TOpIcs cOvERED: explanation of battery power rating, energy capacity, and duration sizing 
speci�cations; sizing considerations for backup power, demand management, and solar  
self-consumption applications; physical space requirements for battery systems 

4.	 Is solar+storage an effective backup power solution?
TOpIcs cOvERED: critical load considerations, comparison of solar+storage versus fossil  
fuel generators, brief discussion of other backup power options (hybrid solutions, portable 
systems, solar-only, storage-only) 

5.	 Can storage be added to an existing solar system?
TOpIcs cOvERED: potential barriers to incorporating storage, approaches to retro�t  
an existing solar installation, installing a storage-ready solar system

6.	 How long does a solar+storage system last?
TOpIcs INcLUDE: expected lifespan and typical warranties for solar panels, inverters,  
and batteries

7.	 How much do batteries cost?
TOpIcs INcLUDE: installed cost ranges for lithium-ion battery systems, differences between  
per kilowatt and per kilowatt-hour pricing, projected battery storage cost declines 

8.	 How do I determine the value of solar+storage (savings, revenue, resilience)?
TOpIcs INcLUDE: utility bill savings, demand charge management, utility and grid services, 
avoided outage costs, health and environmental bene�ts, and methods to determine the 
cost-effectiveness of solar+storage

What is solar PV and battery storage 
and how do they work?
This paper answers questions about the design, installation, and economics of  
solar and battery storage for homes and businesses. It does not go into the basics  
of explaining what solar PV or batteries are and how they work. 

For an introductory overview of solar basics, see �How do solar panels work?�  
by EnergySage, available online at https://news.energysage.com/solar-panels-work. 

For a quick overview of the science behind batteries, see �How does a battery  
work?� by MIT�s School of Engineering at https://engineering.mit.edu/engage/ 
ask-an-engineer/how-does-a-battery-work.

https://news.energysage.com/solar-panels-work/
https://engineering.mit.edu/engage/ask-an-engineer/how-does-a-battery-work/
https://engineering.mit.edu/engage/ask-an-engineer/how-does-a-battery-work/
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9.	 How can I pay for a solar+storage system (incentives, grants, �nancing)?
TOpIcs INcLUDE: federal tax incentives, state and utility incentive programs, examples  
of programs targeted to support development in low-income communities, project  
examples bene�ting from grant support, discussion of �nancing options

10.	Can solar+storage be developed to bene�t low-income communities?
TOpIcs INcLUDE: overview of the importance of solar+storage economic, resilience, and  
environmental bene�ts for low-income communities, awareness and affordability barriers  
to solar+storage adoption, case studies of low-income bene�ting projects

11.	Is battery storage safe?
TOpIcs INcLUDE: overview of battery storage safety risks and siting considerations, 
thermal runaway, safety risks when a �re occurs, resources with more information about  
recommended �re safety codes, procedures, and best practices

12.	What are the environmental impacts of battery storage?
TOpIcs INcLUDE: societal and environmental impact of lead acid and lithium-ion battery  
mining and manufacturing processes, end-of-life considerations (recycling, reuse) 

In addition to the information contained in this report, CEG has compiled dozens of resources  
to dig deeper into many of these topics. Some of those resource can be found in the end notes  
of each section, others can be accessed through CEG�s Resilient Power Project Toolkit,  
available at www.cleanegroup.org/ceg-projects/resilient-power-project/toolkit.

Solar and battery 
storage installation 
completed at a �re 
station in Humacao, 
Puerto Rico in early  
October 2020.
Courtesy of Solar Responders

https://www.cleanegroup.org/ceg-projects/resilient-power-project/toolkit/
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https://rmi.org/think-distributed-solar-plus-storage-isnt-cost-effective-think-again
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https://www.cleanegroup.org/wp-content/uploads/Resilient-Southeast-New-Orleans.pdf
https://www.cleanegroup.org/connectedsolutions-first-results
https://www.cleanegroup.org/connectedsolutions-first-results
https://www.masssave.com/saving/residential-rebates/connectedsolutions-batteries
https://www.masssave.com/saving/residential-rebates/connectedsolutions-batteries
https://www.cleanegroup.org/small-solar-and-battery-storage-systems-are-toppling-power-plants
https://greenmountainpower.com/product/powerwall
https://greenmountainpower.com/bring-your-own-device
https://greenmountainpower.com/news/gmp-customers-keep-lights-on-with-stored-low-carbon-energy-during-storm-outages
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Q U E S T I O N  9

How can I pay for a solar+storage system  
(incentives, grants, �nancing)?

Incentive programs that carve-

out funding for low-income 

populations ensure that the 

technologies are accessible  

to more communities.

While the price of solar and battery storage technologies has dropped dramatically over the past 
several years, they can still be too costly for many customers. The upfront cost of a solar+storage 
system can be a signi�cant barrier to many projects, particularly when securing �nancing is a 

challenge. In regions where savings and revenue opportunities are not strong 
enough to easily secure �nancing, incentives and grant opportunities play an 
important role in accelerating the deployment of solar+storage. Depending 
on the location of the project, there may be multiple sources of funding 	
and �nancing to help pay for a solar+storage installation.

Solar and Battery Storage Incentives  
State, federal, and utility incentives help to drive solar+storage market devel-
opment by lowering upfront costs and improving the system economics.1 
Incentive programs that carve-out funding for low-income populations go 		

a step further in ensuring that the technologies are accessible to more communities. In some 	
instances, it�s possible to combine battery storage and solar incentives, offsetting signi�cant 	
out-of-pocket project costs.

FEDERaL INcENTIvEs: When paired together, both solar PV and battery storage are eligible for 
the federal investment tax credit (ITC). Households and organizations that have enough taxable 
income are eligible for a 26 percent investment tax credit (otherwise referred to as the federal 	
solar tax credit) to offset solar costs.2 The tax incentive level was set at 30 percent for systems 
that began construction prior to the end of 2019, reduced to 26 percent in 2020, and it will 	
reduce to 22 percent in 2021, before phasing out entirely for residential customers and 	
reducing to 10 percent for commercial customers in 2022.

For storage to be eligible for the ITC, commercial battery systems must be primarily charged by 
onsite solar (at least 75 percent of the time). Residential battery systems must be entirely charged 
by solar to be eligible for the federal tax credit. There is currently no federal tax incentive for 
stand-alone storage projects or batteries not charged by onsite renewables.

STaTE INcENTIvEs: More states are beginning to offer battery storage incentives. New York�s 
battery storage incentive provides customers (residential, industrial, and commercial) with a single 
up-front payment towards an energy storage project. Depending on the location of the proposed 
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